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MEASURING BLOOD PRESSURE 

(g) 

FIELD OF THE INVENTION 

The present invention relates to blood pres- 
5 sure monitoring systems. In particular, the present 
invention relates to a novel and improved method and 
system for non-invasive blood pressure measurement. 

BACKGROUND OP THE INVENTION 

10 Non- invasive blood pressure measurement is 

often done by measuring the pulse wave transit time 
from the heart to the finger. Namely the pulse wave 
transit time and thus the pulse wave velocity are de- 
pendent on the blood pressure. Also, changes in blood 

15 pressure can be measured by measuring changes in pulse 
wave transit time or pulse wave velocity (PWV) . The 
prior art methods are measuring PWV continously from 
the electrocardiogram (ECG) r-wave to the pulse oxime- 
ter plethysmogram wave crest. These measurements re- 

20 quire calibrating the value with a standard non- 
invasive blood pressure cuff reading. A typical meas- 
urement method of this kind is oscillometric cuff 
measurement . 

Another prior art measurement method is a 

25 standard finger oximetry pleth measurement. 

The prior art measurement principles have 
problems at both ends; the delay from the heart elec- 
trical-to-mechanical activity is variable and not eas- 
ily controllable, and the standard finger site for ox- 

3 0 imetry pleth is very sensitive to vasoconstriction, 
that affects the hand, i.e. palm and finger, pulse de- 
lays in a highly variable manner. Often, as with sick 
patients with low peripheral perfusion, the finger 
pulse is not detectable at all or very noisy. 
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The heart side of the measurement problem has 
in prior art been solved by adding an ear plethysmo- 
graphic probe, and monitoring the ear-finger pulse 
transit time; the obvious drawback is the extra sensor 
5 needed. In practical clinical conditions the extra 
sensor is difficult to use* 

CIRCULATION AND BLOOD PRESSURE 

10 In this invention, three physiological sig- 

nals originating from the circulatory system are^ meas- 
ured to produce continuous information on blood pres- 
sure changes: the electrocardiogram, the impedance 
cardiogram, and the photoplethysmogram arising from a 

15 pressure pulse passing through a vessel- In addition, 
an intermittent blood pressure measurement method is 
used for repetitive calibration. 

CIRCULATORY SYSTEM 

20 Figure 1 shows the circulatory system of a 

person. The system consists of both the systemic 101 
and the pulmonary 102 circulation. The circulatory 
system of a person or patient also consists also of 
the heart 103. The pulmonary circulation 102 supplies 

25 the lungs 104 with blood flow, while the systemic cir- 
culation takes care of all the other parts of the body 
i.e. the systemic circulation 101. The heart 103 
serves as a pump that keeps up the circulation of the 
blood. The systemic circulation consist of the venule 

30 106, the capillary system 108 and the arteriole 109. 

BLOOD PRESSURE 

Blood pressure is defined as the force ex- 
erted by the blood against any unit area of the vessel 
35 wall. The measurement unit of blood pressure is mmHg. 
This means millimeters of mercury. 
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Figure 2 shows the definition of systolic 202 
and diastolic 204 blood pressure values. Pulmonary and 
systemic arterial pressures are pulsatile, having sys- 
tolic 202 and diastolic 204 values. As illustrated in 
5 Figure 2, the highest recorded pressure reading is 
called systolic pressure 202. It results when the vol- 
ume of the heart decreases during contraction, while 
the volume of blood in the circulation remains con- 
stant. The lowest pressure reading is called diastolic 
10 pressure 204. 

ELECTRICAL ACTIVITY OF THE HEART 

The pumping action of the heart is a conse- 
quence of periodical electrical events occurring in 
15 the cardiac muscle tissue. These electrical events can 
be measured by an electrocardiogram EGG and they are 
further elaborated in the following in connection with 
figure 3 . 

20 EVENTS OF THE CARDIAC CYCLE 

Figure 3 shows the timing of the electrical 
and mechanical events during one cardiac cycle. A car- 
diac cycle consists of all the events that occur be- 
tween the beginning of a heartbeat and the beginning 
25 of the next heartbeat. 

The P wave 3 05 of the EGG curve 3 03 is caused 
by the depolarization of the atria. It is followed by 
atrial contraction, indicated by a slight rise in the 
atrial pressure. The QRS wave 307 of the EGG 303 ap- 
30 pears as the ventricles depolarise, initiating the 
contraction of the ventricles. 

The repolarisation 3 09 of the ventricles, in- 
dicated by the T wave of the EGG, suddenly causes the 
ventricles to begin to relax, 

35 



PULSE WAVE TRANSIT TIME METHOD 



4 



Many experiments are reported in which pulse 
wave velocities or pulse transit times were measured 
and used to evaluate blood pressure or blood pressure 
change . 

5 In practice , pulse wave transit times are 

usually measured rather than velocities • Peripheral 
pressure pulses are detected by photoplethysmography . 

The current opinion is that changes in pulse 
wave velocity or transit time indeed predict blood 
10 pressure changes. 

In this text, pulse wave transit time is the 
time that elapses as a pulse wave propagates from one 
site to another. It is inversely proportional to the 
velocity of the pulse wave. A delay is the time be- 
15 tween two events. It may include propagation periods 
and other time lapses, 

MEASUREMEKTT PRINCIPLE 

When the left ventricle of the heart con- 

2 0 tracts and e j ects blood into the aorta , only the 

proximal portion of the aorta becomes distended. The 
distension then spreads as a wave front . along the 
walls of the arteries and arterioles. The velocity of 
the pulse wave is 3-5 m/s in the aorta , 7-10 m/s in 
25 large arterial branches, and 15-35 m/s in small arter- 
ies. In general, the smaller the distensibility of the 
vessel wall, the faster the pulse wave propagates. The 
total transit time from the aortic root to the periph- 
ery is in the order of 100 ms . Figure 3 gives an exam- 

3 0 pie of four pressure waveforms measured at different 

sites after the ejection of blood from the heart. 

As the pulse propagates towards the periph- 
ery, the vessel diameter and the distensibility of the 
vessel wall decrease, changing the transmission prop- 
35 erties and distorting the pulse contour. Most of the 
distortion is, however, caused by reflected pulse 
waves that combine with the pulses travelling towards 
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the periphery. The main reflection occurs as the pulse 
wave reaches the high- resistance peripheral arteries, 
but arterial lesions or junctions of large arteries 
can cause additional reflections. 
5 Consider two cardiogenic signals that can be 

obtained with surface electrodes: the electrocardio- 
gram (ECG) and the impedance cardiogram (ICG) . Table 1 
summarizes their characteristics and suitability for 
timing the onset of the pressure pulse. 

10 

Table 1. Suitability of two different signals 
for determining the onset time of the pulse wave. 



signal 


ECG 


ICG 


what is meas- 
ured 


electrical potentials on the surface of the 
thorax 


cardiac related impedance changes by 
applying current and measuring potentials 
on the surface of the thorax 


origin of the 
signal 


electrical activation of the heart 


mechanical function of the heart 


advantages 


R waves are readily detectable 


indicates the true onset time of the pres- 
sure pulse 


drawbacks 


the PEP between the R wave and the 
onset of the pressure pulse may not be 
constant 


the signal may be noisy and formless, and 
the actual origin is obscure (thus the 
question mark) 



15 POSSIBLE PROBLEMS 

There are numerous physiological factors that 
influence the pulse wave velocity and/or the pre- 
ejection period (PEP) • Most of these unpredictable 
mechanisms act on the PEP, not on the actual transit 

20 time. Elimination of the contribution of the PEP was 
thus supposed to improve the technique . 

A more likely problem associated with the 
sympathetic mechanisms is the vasoconstriction of the 
peripheral arteries, triggered by emotional stress, 

25 cold, exercise, or shock. Vasoconstriction changes the 
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peripheral resistance, thus affecting pulse wave 
transmission and reflection. 

5 ELECTROCARDIOGRAPHY 

Electrocardiogram (ECG) is a recording of 
electrical potentials generated by the function of the 
heart. The ECG is measured as potential differences 
between electrodes placed on the surface of the body 
10 on standardized positions. This is depicted especially 
in connection with figure 4. 

SUMMARY OP THE INVENTION 

A target of the invention is to develop a 
15 method and a system so that the abovementioned draw- 
backs of the prior art are circumvented. In particular 
the target of this invention is to develop a method 
and a system for measuring blood pressure continuously 
and non~invasively more accurately than before. A tar- 
20 get of the invention is to realize a workable system 
for measuring pulse wave transit time from the heart 
to the periphery. The ultimate goal of the invention 
is to create a method and a system for monitoring 
blood pressure changes continuously, non-invasively 
25 and without excessive equipment. 

The target of the invention is achieved by a 
method and a system that is characterised by those 
features that are depicted in the independent patent 
claims . 

30 In particular the target of the invention is 

achieved by a method that is characterized by the 
method that comprises the steps of: determining a me- 
chanical heart beat starting time point from an imped- 
ance cardiogram signal, detecting a heart beat pulse 

35 arrival time at a peripheral site of the patient, cal- 
culating a pulse wave transit time from the heart to 
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the peripheral site by utilizing said mechanical 
starting point of the heart beat and said heart beat 
pulse arrival time, calculating an estimate of the 
blood pressure of the patient from said pulse wave 
5 transit time. 

The invention relates also to a system for 
measuring non-invasively the blood pressure of a pa- 
tient • 

The target of the invention is achieved by a 

10 system that is characterized by that the system com- 
prises : an impedance cardiogram for determining the 
mechanical heart beat starting time point of a pa- 
tient, a peripheral site sensor for determining the 
heart beat pulse arrival time at the peripheral site 

15 of the patient, a first calculator for calculating the 
pulse wave transit time from the heart to the periph- 
eral site by utilizing said mechanical starting point 
of the heart beat and said heart beat pulse arrival 
time at the peripheral site of the patient, a second 

20 calculator for calculating the blood pressure of the 
patient from said pulse wave transit time. 

To enhance the correlation between measured 
transit times and blood pressure, impedance cardiogra- 
phy is utilized in pulse wave timing, and a new pe- 

25 ripheral measurement site is utilized in the inven- 
tion. The invention corrects all of the aforementioned 
problems of the prior art . 

Using a wrist plethysmographic sensor, pref- 
erably using two unused channels of a four -wave length 

30 oximeter, removes the last part of the transit time 
error source. As the wrist pleth sensor only needs a 
pulse waveform, no accuracy or stability requirements 
are important, and thus a reflective sensor can be em- 
ployed. 

35 As the pulse wave velocity, i.e. transit 

time, is correlated to the blood pressure in a very 
patient specific manner, the relation must be cali- 



brated by a standard oscillometric cuff measurement. 
The calibration is preferably done incrementally at 
several different pressure levels, every new reading 
increasing the accuracy of the calibration. Thus the 
5 first cuff reading produces a single point calibra- 
tion, the result of which only applies close to the 
pressure level encountered at that time. Watching for 
pwv variations, these are employed to trigger new cuff 
inflations, which add calibration points. Alterna- 

10 tively the incremental calibrations can be done by 
timed cuff inflations. 

The invention is based on the inventive idea 
that using the impedance cardiographic signal as the 
pulse wave start point removes the electrical- 

15 mechanical delay without adding sensors. The periph- 
eral heart beat arrival time is detected and a pulse 
wave transit time from the heart to the peripheral 
site is calculated. This calculation is made by using 
the mechanical starting point of the heart beat and 

20 the pulse arrival time of the heart beat at the pe- 
ripheral site. By utilizing the pulse wave transit 
time an estimate for the blood pressure of the patient 
is calculated. 

25 BRIEF DESCRIPTION OP THE DRAWINGS 

The accompanying drawings, which are included 
to provide a further understanding of the invention 
and constitute a part of this specification, illus- 
trate embodiments of the invention and together with 
3 0 the description help to explain the principles of the 
invention. In the drawings: 

Figure 1 shows the circulatory system of a 

person . 

Figure 2 shows the definition of systolic and 
35 diastolic blood pressure values. 

Figure 3 shows the timing of the electrical 
and mechanical events of the cardiac cycle. 
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Figure 4 shows aortic pressure pulses and 
their arrival times at different sites between the 
heart and the right arm. 

Figure 5 shows the principle of the pulse 
5 wave transit time measurement 

Figure 6 shows Datex-Ohmeda S/5 anesthesia 
Monitor with the inventive parameter modules. 

Figure 7 shows electrode configurations used 
in impedance cardiography. 
10 Figure 8a, 8b and 8c show the three compo- 

nents of the thoracic impedance signal. 

Figure 9 shows a construction of the pulse 
wave transit time measurement software. 

Figure 10 shows a flowchart depicting the ac- 
15 tions initiated by R wave detection. 

Figure 11 shows the real time averaging of 
successive ICG pulses. 

Figure 12 shows a flowchart depicting the 
averaging of successive ICG signal cycles. 
20 Figure 13 shows a flowchart depicting the 

determination of dR-ICG 

Figure 14 shows a flowchart depicting the 
pulse detection algorithm for plethysmogram and ICG. 

Figure 15a shows the pulse detection and 
25 hysteresis levels for plethysmogram. 

Figure 15b shows pulse detection and hystere- 
sis levels for ICG. 

Figure 16 shows a flowchart of the inventive 
method for measuring non-invasively a blood pressure 
3 0 of a patient. 



DETAIIiED DESCRIPTION OF THE INVENTION 

Reference will now be made in detail to the 
embodiments of the present invention, examples of 
35 which are illustrated in the accompanying drawings. 
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Figure 5 shows a diagram showing the princi- 
ple of the pulse wave transit time measurement. The 
ventricular depolarization time 501 is detected from 
the ECG signal. The ventricular ejection time 503 is 
5 most readily detected from a filtered and differenti- 
ated ICG signal. Between the ventricular depolarisa- 
tion time 501 and the ventricular ejection time 503 is 
the pre-ejection period 505. Between the ventricular 
depolarisation time 501 and the beginning of the pe- 
10 ripheral pulse peak 509 there is the measured delay 
507. 

MONITORING SYSTEM 

Figure 6a shows Datex-Ohmeda S/5 Anesthesia 
Monitor. The parameter modules that accomplish the in- 

15 ventive method and system are located in the lower 
part 601 of the device. 

The parameter modules are independent units 
with their own microprocessor. Their function is to 
collect and process physiological data. The monitor 

20 device serves as the user interface, displaying the 
data and allowing the user to customize the measure- 
ments. It also participates in data processing. 

Figure 6b shows a block diagram of the inven- 
25 tive system. The system comprises at least the follow- 
ing elements: An impedance cardiogram 602 for deter- 
mining the mechanical heart beat starting time point 
of a patient, a peripheral site sensor (Figure 4, 404) 
for deteirmining the heart beat pulse arrival time at 
30 the peripheral site of the patient, a first calculator 
604 for calculating the pulse wave transit time from 
the heart to the peripheral site by utilizing said me- 
chanical starting point of the heart beat and said 
heart beat pulse arrival time at the peripheral site 
3 5 of the patient, a second calculator 605 for calculat- 
ing the blood pressure of the patient from said pulse 
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wave transit time. The system may also comprise a cen- 
tral unit 607 and a monitor 609. 

The system for measuring non-invasively the 
blood pressure of a patient may also comprise an os- 
5 cillometric cuff 404 for calibrating the blood pres- 
sure calculation by measuring the blood pressure of 
the patient. 

In the system for measuring non-invasively 
the blood pressure of a patient the oscillometric cuff 

10 404 may be adapted to perform the calibration of the 
blood pressure calculation by successive 1613 oscillo- 
metric cuff (figure 4, 4 04) measurements. 

In the system for measuring non-invasively 
the blood pressure of a patient the calibration of the 

15 blood pressure calculation may be improved incremen- 
tally on each cuff 404 inflation cycle. 

In the system for measuring non-invasively 
the blood pressure of a patient the peripheral site 
sensor 404 for determining the heart beat pulse arri- 

20 val time at the peripheral site of the patient may be 
a plethysmographic sensor. 

In the system for measuring non-invasively 
the blood pressure of a patient the plethysmographic 
sensor may be an optical reflectance means. 

25 In the system for measuring non-invasively 

the blood pressure of a patient the peripheral site 
plethysmogram 404 may be arranged to correct a re- 
flected wave component of the peripheral site plethys- 
mogram 4 04 in response to a change in plethysmogram 

30 amplitude. 

In the system for measuring non-invasively 
the blood pressure of a patient the system may be ar- 
ranged to measure the beat to beat transit time start 
point by measuring the ECG QSR-complex, and the system 

35 may be arranged to add correction to the QRS-complex 
signal by averaging QRS to ICG waveform timing point. 



Some of the preferable embodiments of the in- 
vention are depicted in the dependent patent claims. 

Figure 7 shows electrode configurations used 
in impedance cardiography. Impedance cardiography i.e. 
5 (ICG) measurement is realized in the invention by 
modifying the impedance respiration (RESP) measure- 
ment, which determines the respiration rate from the 
respiratory component of the thoracic impedance sig- 
nal. In the RESP measurement, low amplitude 62 kHz 

10 current is fed between two of the ECG electrode (Fig- 
ure 7) , and the resulting voltage is measured with the 
same electrodes. The output is a large 62 kHz signal 
amplitude -modulated by a small AZ- component including 
the respiratory and cardiac component. The signal is 

15 demodulated, then high pass filtered to remove the 
large DC component, and low pass filtered to limit the 
signal band to respiratory frequencies. For ICG meas- 
urement, the pass band of the filters was shifted to 
slightly higher frequencies, so that the respiratory 

20 component was removed along with the DC component, and 
the cardiac signal was accepted. 

Figures 7, 8a, 8b and 8c further elaborate 
the impedance cardiogram (ICG) . The impedance cardio- 
gram is the recording of impedance changes in the tho- 

25 rax, associated with the pumping action of the heart. 
Feeding current (see Figure 7, 701) into the tissue 
705 and detecting consequential voltages 703 on the 
body surface measure the impedance cardiogram. 

The thoracic impedance signal consists of 

30 three parts: the basal (Fig. 8a) impedance of the mate- 
rial between the electrodes, the impedance pneumogram 
(Fig. 8b) associated with respiration, and the imped- 
ance cardiogram associated with cardiac activity (Fig. 
8c) . As the cardiac impedance signal often is just 10% 

35 of the respiratory signal (see figures 8b and 8c) , 
some averaging is preferred, especially averaging syn- 
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chronized to the heart beat, i.e. the QRS-complex sig- 
nal that is depicted in Figure 2 . 

PHOTOPLETHYSMOGRAPHY 

5 Plethysmograph is an instrument for determin- 

ing variations in the volume of an organ or limb re- 
sulting from changes in the amount of blood in it • A 
plethysmographic trace from the wrist, for example, 
shows how the radial artery distends as a pressure 

10 pulse passes through it. The trace closely resembles 
an arterial pressure waveform. 

Figure 4 shows aortic pressure pulses and 
their arrival times at different sites between the 
heart and the right arm. Figure also shows a periph- 

15 eral site sensor 4 04 for determining the heart beat 
pulse arrival time at the peripheral site of the pa- 
tient. The peripheral site sensor 404 for determining 
the heart beat pulse arrival time at the peripheral 
site of the patient can be a plethysmographic sensor. 

20 Further the plethysmographic sensor 404 can be an opti- 
cal reflectance means. In operation the peripheral 
site plethysmogram can be arranged to correct a re- 
flected wave component of the peripheral site plethys- 
mogram in response to a change in plethysmogram ampli- 

25 tude. 

THREE ESSENTIAL TIME INTERVALS 

Three essential time intervals appear when 
elaborating this invention: dR-ICG, dR-pleth and dlCG- 

30 pleth. They refer to measured or calculated values 
that may include contributions from e.g. signal proc- 
essing. Corresponding physiological variables are sum- 
marized in Table 2 . Changes in corresponding physio- 
logical and measured values are supposed to be equal, 

35 although absolute values may differ. 
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Table 2. Definitions of time intervals associated with the measurement. 



measured / calculated 




dR.pieth 


dlCG-ioleth 


time interval 




= ^R-Dlcth - dR.iCG 


corresponding 


delay between the ven- 


delay between the 


transit time of the pulse 


physiological 


tricular depolarization 


ventricular depolari- 


from the aortic root to 


time interval 


and the onset of the 


zation and the pe- 


the periphery 




aortic pulse wave = PEP 


ripheral pulse 



PULSE WAVE TRANSIT TIME MEASUREMENT 

Figure 9 shows the construction of the pulse 
5 wave transit time measurement software. 

Pulse wave transit time measurement is imple- 
mented in the module software on the basis of an 
ECG/RESP software. The measurement consists of three 
main parts : 

10 1) R wave detection 903 from the ECG 

2) ICG signal processing 907 and pulse detec- 
tion 915 and 

3) plethysmogram pulse detection 923. 

R wave detection 903 is implemented in the 

15 software as a 300 Hz interrupt function, Plethysmogram 
923 and ICG handling 907, and pulse detection 915 are 
added in the 1000 Hz timer interrupt. Figure 9 illus- 
trates the interaction between these functions. 

The R waves of the ECG 901 provide synchroni- 

20 zation 905 for ICG filtering 907, and trigger 911 a 
1000 Hz counter 917 to determine dR-pleth. The counter 
917 will be stopped 931 when a plethysmogram pulse 923 
will be detected 925. The ICG signal is filtered 907 
by averaging 913 consecutive signal cycles sample by 

25 sample. A pulse detection 915 algorithm is applied on 
the averaged signal, and dR-ICG is determined 919 when 
a pulse is found. The delay dICG-pleth, which reflects 
the pulse wave transit time from the heart to the pe- 
riphery, is calculated 927 as the difference of dR-ICG 

30 921 and dR-pleth 935, 
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R WAVE TRIGGERED OPERATIONS 

Figure 10 shows a flowchart that illustrates 
the actions performed immediately after R wave detec- 
5 tion shown in figure 9, 903, The detection algorithm 
itself is described later in connection with figure 
14. The main actions in figure 9 were in this respect 
the ICG filtering 907, and the starting 911 of the dR- 
pleth counter 917 . 

10 In the normal case, each R wave is followed 

by an ICG pulse and a plethysmogram pulse. Any missing 
pulse is noted, and pulse detection limits are eased 
to make sure that the next pulse will be fo\and. If ten 
or more pulses are missing, the delay measurement is 

15 discontinued because there is no proper signal. 

In figure 10 the operation starts at phase 
1001. Then in step 1003 it is assessed if ICG pulse is 
found since last R wave detection. If yes 1019, then 
follows synchronization filter 1021. If there is no 

20 ICG pulse found 1005 it is assessed 1007 whether there 
is less than ten ICG pulses missing. If yes 1015, then 
pulse detection hysteresis is eased 1017, where after 
follows the synchronization filter ICG 1021. If no 
1009, then the r__icg_delay is cleared 1011 and thus 

25 the number of ICG pulses missing is affected. After 
clearing the r_icg_delay the pulse detection hystere- 
sis is reset 1013. Thereafter the operation progresses 
to step 1021. After the synchronization 1021 of the 
ICG filter it is assessed 1023 if the pleth pulse is 

30 found since last detection of R-signal. If yes, then 
the operation progresses to step 1041, where 
r_jpleth_count-counter is reset and started. If no 
1025, then it is again assessed 1029, whether less 
than 10 pleth pulses are missing. If yes 1033, then 

35 pulse detection hysteresis is eased 1039. Thereafter 
the operation progresses to step 1041, where 



r_pleth_count-couLnter is reset and started. If no 
1031, then r_pleth_delay is cleared 1035 and pulse de- 
tection hysteresis is reset 1037. Thereafter the op- 
eration progresses also to step 1041, where 
5 r_pleth_count- counter is reset and started. After this 
the operation is ended 1043. 

R SYNC FILTER FOR ICG 

Figure 11a, lib and 11c show real time aver- 
10 aging of successive ICG pulses. Figure 11a illustrates 
the synchronization of the ICG signal by the R waves 
of the ECG, and the averaging of successive signal cy- 
cles. The procedure is based on two buffers, a tempo- 
rary buffer Fig. lib and an average buffer Fig. 11c, 
15 both having the same index which is increased each 10 
ms. This index will be reset to zero at each R wave 
detection, so that both buffers contain one signal cy- 
cle starting from the same reference point. At 10 ms 
intervals, one new ICG sample will be stored into the 
20 temporary buffer Fig. lib, and one sample will be read 
from the average buffer Pig. 11c for pulse detection 
and display. 

Immediately after R detection, the contents 
25 of the two buffers are averaged with each other sample 
by sample, and the results will be stored back into 
the average buffer. The filtering procedure can be de- 
scribed mathematically as 

3 Q YihnT) = wXii.nT) + (1 - w)Y(i ^ l,nT) 

where Y and X are the averaged and raw sig- 
nal, respectively, n is the sample index within each 
signal cycle, T is the sampling interval, i is the cy- 
35 cle index, and w is a weighting factor. 

The flowchart in Figure 12 describes the av- 
eraging function. More precisely figure 12 shows the 



averaging of successive ICG signal cycles. The method 
starts in step 1201, The averaging is performed only 
if the contents of the temporary buffer are free from 
artefacts • This is defined in step 1203. If there are 
5 no 1205 artefacts the temp_bfr is averaged into 
ave_bfr 1209 • Otherwise, if there is ICG artefact 1207 
the average buffer remains unchanged and the operation 
moves directly to step 1213- After step 1209 the 
ave_bfr is filled 1211 with the last value. Thus the 

10 tail of the average buffer is filled with the last 
newly averaged sample, so that it will not contain 
contributions from ancient signals in case that the 
beat interval increased again. Then, in both cases, 
the operation proceeds to step 1213 where the index is 

15 set to be zero. Thereafter the operation ceases 1215. 

Figure 13 shows determination of dR-ICG. The 
flowchart in Figure 13 illustrates the filling of the 
temporary buffer and the determination of dR-ICG* 

The process starts at 1301. Then ICG samples 

20 are read 1303 from the A/D converter e.g on each mil- 
lisecond. Then the process implements a timer and a 
check 1304 for whether the timer is less than nine. If 
it is not 13 05 less than nine, this means if the timer 
is more than nine, in this case ten, then the timer is 

25 set 1307 to be zero. After this the sample is low pass 
filtered 1309 and it is assessed 1311 whether the am- 
plitude of the signal is abnormal. If the amplitude is 
abnormal 1313 then an ICG artefact is declared. After 
this, and also in the case that the amplitude is not 

30 abnormal 1317, i.e. in case the amplitude is normal, 
the sample is written 1321 into memory 
temp_bfr [index] . Then pulse is detected 1323 from 
ave_bfr [index] . After this it is decided whether a new 
pulse is assessed 1325. In a new pulse is assessed 

3 5 then it is set 1329 dR-ICG = r_icg_delay. After this 
the d R-ICG is averaged 1331. In case there is no new 



pulse 1337 or after step 1331 the index++ is added 
1333 and thereafter the operation ceases 1335. 

During the operation the samples are averaged 
to decrease the sampling frequency to 100 Hz. After 
5 the operation, the signal is then filtered with a FIR 
low pass filter. The filter has an additional notch at 
50 Hz, so that any residual noise at mains frequency 
was removed. 

10 PULSE DETECTION 

Figure 14 shows pulse detection algorithm for 
plethysmogram and ICG. The flowchart in Figure 14 de- 
scribes the pulse detection algorithm. The same algo- 
rithm was used for both the ICG and the plethysmogram. 

15 The operation of the algorithm is stated at 

step 1401. Then a sample is read 1403 and the 
new_detect ion-parameter is set 1405 to false. Thereaf- 
ter it is assessed 14 07 whether the minimum is 
searched. If yes 1411, then it is assessed 1413 

20 whether the sample is lower than minimum. If yes, then 
the minimum is set 1439 to be the sample and thereaf- 
ter the operation is returned 1449 to new .pulse. If 
the sample is not 1432 lower than minimum then it is 
assessed 1434 whether the sample is higher than the 

25 minimum plus the hysteresis. If yes, then the maximum 
is set 1441 to reset_value . Thereafter, the search- 
ing_min is set 1443 to false. Thereafter the parameter 
new_pulse is set 1445 to be true. After this, the op- 
eration continues at step 1447 where the hysteresis is 

30 updated. Thereafter the operation continues in step 
1449 by returning a new_pulse-parameter . 

Likewise, if in step 1407 it is assessed 1407 
that the minimum is not searched then the operation 
continues in step 1417, where it is assessed if the 

35 sample is higher than maximum. If it is 1419 the op- 
eration continues in step 1429, where the maximum is 
set to be the same as the sample. If in 1417 the sam- 
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pie is not 1421 higher than the maximum, then is as- 
sessed 1423 whether sample is higher than the maximum 
value - hysteresis* If yes, then the minimum is set 
1427 to be the reset_value. Thereafter, the search- 
5 ing_min is set 1431 to true. After that the operation 
continues in step 1447, where the hysteresis is up- 
dated • Thereafter the operation continues at step 
1449. 

The algorithm determines the minimum and 

10 maximum value of each pulse. Maximum search is started 
when the signal has increased a degree of hysteresis 
above the minimum value. Correspondingly, minimum 
search is started when the signal has decreased a de- 
gree of hysteresis below the maximum value. A new 

15 pulse will be declared at the same point where the 
maximum search will be started, that is, on the rising 
edge of the pulse. Because the sharpest slope of the 
plethysmogram appears on the descending edge of the 
pulse, the signal will be reversed before applying the 

20 pulse detection algorithm. 

Figure 15a shows pulse detection and hystere- 
sis levels for plethysmogram. Figure 15b shows pulse 
detection and hysteresis levels for ICG. In 1501 the 
pulse is detected and it is started to search for the 

25 pulse maximum. The maximum is founded in the peak of 
the signal. In 1503 it is started to search for the 
minimum of the signal. Later, the minimum of the graph 
and the level is found. The hysteresis value is re- 
peatedly updated according to the pulse amplitude. The 

30 plethysmogram hysteresis value is adjusted towards 
half of the pulse amplitude. The shape of the ICG sig- 
nal in figure 15b varies considerably depending on the 
patient and his/her position. To allow for wider peaks 
and smaller signal to noise ratio, the ICG hysteresis 

35 value (figure 15b) is set to two thirds of the pulse 
amplitude. Thus the pulse is detected in 1505, and 
maximum search is started. Later, in 1507 the minimum 
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search is started. The effect of the hysteresis level 
is visualized in Figures 15a and 15b. 

If the ICG signal is suddenly decreased to 
less than two thirds of its original size, the algo- 
5 rithm will not detect any pulses nor update the hys- 
teresis. This is unlikely in a normal situation be- 
cause the ICG signal is averaged and thus changed 
slowly. Movement of the patient, however, might cause 
sudden large signals in the ICG and in the plethysmo- 

10 gram alike. To handle such cases, the hysteresis is 
reduced if no pulses are detected. A minimum hystere- 
sis level is defined to distinguish those situations 
in which there really is no pulsation. 

Figure 16 shows a flowchart of the inventive 

15 method for measuring non-invasively a blood pressure 
of a patient. The method comprises the following 
steps. The method begins with the start at 1601. Then 
follows the determining 1603 of a mechanical heart 
beat starting time point from an impedance cardiogram 

20 signal. After this follows the detecting 1605 of a 
heart beat pulse arrival time at a peripheral site of 
the patient. This peripheral site can be a wrist of 
the patient. Thereafter follows the calculating 1607 
of a pulse wave transit time from the heart to the pe- 

25 ripheral site by utilizing said mechanical starting 
point of the heart beat and said heart beat pulse ar- 
rival time, which were obtained in the steps of 1603 
and 1605. Thereafter follows the calculating 1609 of 
an estimate of the blood pressure of the patient from 

30 said pulse wave transit time. This is the needed re- 
sult of the calculations and a primary target of the 
invention. 

In a second embodiment of the invention the 
method comprises also a step of calibrating 1611 

35 the blood pressure calculation by oscillometric cuff 
404 measurement of the blood pressure of the patient. 
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In a third embodiment of the invention the 
method comprises also a step of performing succes- 
sively 1613 the previous step of calibrating 1611 the 
blood pressure calculation by oscillometric cuff 404 
5 measurement . 

In a fourth embodiment of the invention the 
step of calibrating the blood pressure calculation is 
improved incrementally on each cuff 404 inflation cy- 
cle 1613. 

10 The fifth embodiment of the inventive method 

comprises the step of determining 1615 the heart beat 
pulse arrival time at the peripheral site of the pa- 
tient by using peripheral site plethysmographic sensor 
404 • 

15 The sixth embodiment of the inventive method 

comprises the step of measuring the peripheral site 
plethysmogram 404 with an optical reflectance means ♦ 

The sixth embodiment of the inventive method 
comprises the step of correcting a reflected wave com- 

20 ponent of the peripheral site plethysmogram 4 04 in re- 
sponse to a change in the plethysmogram amplitude. 

The seventh embodiment of the inventive 
method comprises steps of measuring the heart beat to 
peripheral 404 pulse beat transit time start point by 

25 measuring the ECG QRS- complex, and adding correction 
to the QRS- complex signal by averaging QRS to ICG 
waveform timing points 

It is obvious to a person skilled in the art 
that with the advancement of technology, the basic 

30 idea of the invention may be implemented in various 
ways. The invention and its embodiments are thus not 
limited to the examples described above, instead they 
may vary within the scope of the claims. 
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CLAIMS 



1. A method for measuring non- invasively a 
blood pressure of a patient, 

characterised in that the method 
5 comprises the steps of : 

deteirmining (1603) a mechanical heart beat 
starting time point from an impedance cardiogram sig- 
nal, 

detecting (1605) a heart beat pulse arrival 
10 time at a peripheral site of the patient, 

calculating (1607) a pulse wave transit time 
from the heart to the peripheral site by utilizing 
said mechanical starting point of the heart beat and 
said heart beat pulse arrival time, 
15 calculating (1609) an estimate of the blood 

pressure of the patient from said pulse wave transit 
time . 

2 . A method according to claim 1 , char- 
acterised in that the method comprises a step 

20 of 

calibrating (1611) the blood pressure calcu- 
lation by oscillometric cuff (Figure 4, 404) measure- 
ment of the blood pressure of the patient. 

3. A method according to claim 2, c h a r - 
25 acterised in that the method comprises the step 

of 

performing successively (1613) the step of 
calibrating the blood pressure calculation by oscillo- 
metric cuff (404) measurement, 
30 4. A method according to claim 3, character- 

i s e d in that said step of calibrating the blood 
pressure calculation is improved incrementally on each 
cuff (404) inflation cycle (1613) . 

5. A method according to claim 1, c h a r - 
35 acterised in that the method comprises the step 
of 
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determining (1615) the heart beat pulse arri- 
val time at the peripheral site of the patient by us- 
ing peripheral site plethysmographic sensor, 

6. A method according to claim 1 or 5, 
5 characterised in that the method comprises 

a step of measuring the peripheral site ple- 
thysmogram with an optical reflectance means, 

7. A method according to claim 1 or 5, 
characterised in that the method comprises 

10 a step of correcting a reflected wave compo- 

nent of the peripheral site plethysmogram in response 
to a change in the plethysmogram amplitude, 

8 . A method according to claim 1 charac- 
terised in that the method (Figure 5) comprises 

15 the steps of 

measuring the heart beat to peripheral pulse 
beat transit time start point by measuring the ECG 
QRS- complex, and 

adding correction to the QRS-complex signal 
20 by averaging QRS to ICG waveform timing point. 

9. A system (Figure 6) for measuring non- 
invasively the blood pressure of a patient char- 
acterised in that the system (Figure 6) com- 
prises: 

25 an impedance cardiogram (609) for determining 

the mechanical heart beat starting time point of a pa- 
tient, 

a peripheral site sensor (603) for determin- 
ing the heart beat pulse arrival time at the periph- 
30 eral site of the patient, 

a first calculator (604) for calculating the 
pulse wave transit time from the heart to the periph- 
eral site by utilizing said mechanical starting point 
of the heart beat and said heart beat pulse arrival 
35 time at the peripheral site of the patient. 
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a second calculator (605) for calculating the 
blood pressure of the patient from said pulse wave 
transit time. 

10. A system (Figure 6) according to claim 9 
5 for measuring non-invasively the blood pressure of a 

patient characterised in that the system com- 
prises : 

an oscillometric cuff (Figure 4, 404) for 
calibrating the blood pressure calculation by measur- 
10 ing the blood pressure of the patient. 

11. A system (Figure 6) according to claim 9 
for measuring non-invasively the blood pressure of a 
patient characterised in that the oscillomet- 
ric cuff (404) is adapted to perform the calibration of 

15 the blood pressure calculation by successive (1613) 
oscillometric cuff measurements. 

12. A system (Figure 6) according to claims 9 
or 10 for measuring non-invasively the blood pressure 
of a patient characterised in that the cali- 

20 bration of the blood pressure calculation is improved 
incrementally on each cuff (Figure 4, 404) inflation 
cycle . 

13. A system (Figure 6) according to claim 9 
for measuring non-invasively the blood pressure of a 

25 patient characterised in that said peripheral 
site sensor (Figure 4, 404) for determining the heart 
beat pulse arrival time at the peripheral site of the 
patient is a plethysmographic sensor, 

14. A system (Figure 6) according to claim 11 
3 0 for measuring non-invasively the blood pressure of a 

patient characterised in that said plethysmo- 
graphic sensor (404) is an optical reflectance means. 

15. A system (Figure 6) according to claim 9 
or 13 for measuring non-invasively the blood pressure 

35 of a patient characterised in that said pe- 
ripheral site plethysmogram (Figure 4, 404) is arranged 
to correct a reflected wave component of the periph* 
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eral site plethysmogram in response to a change in 
plethysmogram amplitude. 

16. A system (Figure 6, Figure 11) according 
to claim 9 for measuring non-invasively the blood 
5 pressure of a patient characterised in that 

said system is arranged to measure the beat 
to beat transit time start point by measuring the ECG 
QSR- complex, and that 

said system is arranged to add correction to 
10 the QRS- complex signal by averaging QRS to ICG wave- 
form timing point . 
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(57) ABSTRACT 




The present invention concerns a method and a system 
for measuring non-invasively a blood pressure of a pa- 
tient. The method comprises the steps of: determining 
(1603) a mechanical heart beat starting time point 
from an impedance cardiogram signal, detecting (1605) 
a heart beat pulse arrival time at a peripheral site 
of the patient, calculating (1607) a pulse wave tran- 
sit time from the heart to the peripheral site by 
utilizing said mechanical starting point of the heart 
beat and said heart beat pulse arrival time, 

calculating (1609) an estimate of the blood 
pressure of the patient from said pulse wave transit 
time . 
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